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Abstract In much of medical oncology, including neuro-
oncology, there is great interest to evaluate the therapeutic
potential of immune-based therapies including vaccines,
adoptive T cell strategies and modulators of immune
checkpoint regulators such as cytotoxic T lymphocyte
antigen 4 and programmed death 1. Immune-based treat-
ments exert an indirect anti-tumor effect by generating
potent, tumor-targeting immune responses. Robust anti-
tumor immune responses have been shown to achieve en-
couraging radiographic responses across the spectrum of
applied immunotherapeutics which are felt to be indicative
of a bona fide anti-tumor effect. Conversely, worsening of
imaging findings, particularly early in the course of im-
munotherapy administration, can be challenging to inter-
pret with growing evidence demonstrating that at least a
subset of such patients ultimately will derive meaningful
clinical benefit. The immune related response criteria were
generated to provide guidance regarding the interpretation
of such complex imaging findings, for general medical
oncologists prescribing immunotherapeutics. An analogous
effort that addresses challenges associated with imaging
assessment and incorporates nuances associated with neu-
ro-oncology patients is underway and is referred to as the
immunotherapy response assessment in neuro-oncology
criteria.
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Clinical development of immunotherapeutics for neuro-
oncology

The application of therapeutic strategies to harness the
immune system against cancers, initially conceived by
Coley in 1891 with the administration of streptococcal
organisms to inoperable cancer patients [1], has emerged to
become a leading area of oncology intervention. Current
enthusiasm for broadening immunotherapy approaches for
cancer indications including neuro-oncology derives from
exciting results generated by three different classes of
immune-based therapies against challenging cancer indi-
cations including vaccines, adoptive T cell therapies and
immune checkpoint modulating agents.

In 2010 the US Food and Drug Administration approved
sipuleucel-T, the first, non-viral vaccine for cancer therapy.
Sipuleucel-T is a cancer vaccine consisting of autologous
peripheral blood mononuclear cells activated ex vivo with
a recombinant fusion protein consisting of prostate antigen
prostatic acid phosphatase and granulocyte-macrophage
colony-stimulating factor. Although strategies to generate
effective therapeutic cancer vaccines over the past decades
have been disappointing [2], a 4 month survival benefit
was observed among metastatic, castration-resistant pros-
tate cancer patients treated in a double-blind, placebo-
controlled multicenter phase III trial with sipuleucel-T [3].
Of note, although sipuleucel-T treated patients had a 22 %
hazard ratio reduction for overall survival and an im-
provement in 3-year survival from 23 to 32 %, progres-
sion-free survival did not differ compared to placebo
controls.
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A wide array of vaccine therapeutics are in clinical
development for neuro-oncology [4], including several that
are in advanced evaluation for glioblastoma. Encouraging
preliminary efficacy was recently reported in the first
completed, placebo controlled clinical trial evaluating a
vaccine for glioblastoma patients [5]. In this study, 124
newly diagnosed glioblastoma patients were randomized to
receive ICT107, a vaccine consisting of autologous den-
dritic cells pulsed against six tumor-associated glioma
antigens, or placebo, along with standard temozolomide
chemoradiotherapy. Although outcome data from this
study are still maturing, progression-free survival was
significantly prolonged along with a non-significant trend
of improved survival for vaccine recipients. Rindopepimut,
a peptide targeting EGFRVIII conjugated to the im-
munoadjuvant keyhole limpet hemocyanin (KLH), is also
in advanced development for glioblastoma patients with
tumors expressing EGFRVIII [6]. A placebo-controlled,
randomized phase III trial has recently completed accrual
for newly diagnosed patients (NCT01480479) while a
randomized phase II study among recurrent patients re-
cently reported a 3.2 month survival benefit and a 57 %
reduction in the overall survival hazard ratio for rindope-
pimut recipients compared to placebo controls [7]. A
double-blind, placebo-controlled, randomized phase III
study of DCVax-L, a vaccine consisting of autologous
dendritic cells pulsed with tumor lysate, is also underway
for newly diagnosed glioblastoma patients
(NCT00045968). HSPPC-96, a vaccine generated from
individual tumor-specific heat shock protein peptide com-
plexes [8], is being evaluated in a randomized phase II
study for recurrent glioblastoma patients (NCT01814813).
Finally, SL-701, a peptide vaccine targeting glioma stem
cell antigens conjugated with GM-CSF and administered
with topical imiquimod, is also being evaluated in a large,
single-arm phase II study (NCT02078648). Beyond
glioblastoma, a clinical trial evaluating a tumor-based
vaccine is underway for patients with recurrent medul-
loblastoma or primitive neuroectodermal tumors
(NCTO01326104). In addition for low-grade glioma patients,
a tumor lysate/autologous dendritic cell vaccine is cur-
rently being evaluated (NCTO01635283) and a vaccine
against mutant isocitrate dehydrogenase 1 has recently
initiated accrual (NCT02193347).

Adoptive T cell therapies, particularly the use of chi-
meric antigen receptor (CAR) T cells, have generated un-
precedented durable remissions in patients with refractory
leukemia [9-13]. Strategies to engineer autologous T cells
to express chimeric antibodies against tumor antigens have
been in development for over 20 years, but have been
limited by inadequate expansion and persistence of engi-
neered T cells. These limitations have been overcome by
more recent CARs which incorporate additional co-
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stimulatory signals to prevent activation-induced cell
death, and to sustain proliferation and potentiation of T cell
effector functions [14]. A highly exciting initial report
documented durable remission in 2 patients with refractory
pre-B cell acute lymphoblastic leukemia (ALL) following
treatment with CTLO19, an autologous T cell product
engineered to express an anti-CD19 single chain Fv do-
main fused to the CD3-zeta domain and the co-stimulatory
molecule CD137 (4-1BB) [10]. In a follow-up study, 27 of
30 (90 %) of patients with refractory pre-B ALL achieved
a complete remission which was sustained for up to
6 months in 73 % following CTLO19 therapy [9]. Clinical
trials evaluating CAR T cells are in early development for
solid tumor patients including clinical trials for glioblas-
toma patients targeting HER2 (NCT01109095), IL13Ra2
(NCT02208362) and EGFRVIIT (NCT01454596).

Monoclonal antibodies targeting immune checkpoint
mediators have achieved unprecedented anti-tumor activity
including apparent cures against metastatic melanoma, a
malignancy with historical outcome as poor as glioblas-
toma, as well as other challenging solid tumors. Two key
inhibitory immune checkpoints that have been successfully
targeted to date for cancer therapy include cytotoxic
T-lymphocyte antigen 4 (CTLA-4), which functions nor-
mally to control early T cell activation, and programmed
death 1(PD-1), a key component of the normal immune
system that regulates T cell activation, peripheral tolerance
and bystander tissue damage during immune responses [15,
16]. Ipilimumab, a humanized IgG1 anti-CTLA-4 MAD,
was approved for advanced, unresectable melanoma based
on improved survival in two separate, randomized phase 111
studies. In the first study, ipilimumab therapy led to a
4 month improvement in overall survival (HR 0.66;
p = 0.0026) and an 11 % radiographic response rate
compared to only 1.5 % of control patients [17]. In the
second study, ipilimumab plus dacarbazine had higher
median overall survival as well as improved survival at 1, 2
and 3 years compared to dacarbazine plus placebo [18]. Of
note in both of these studies, median PFS did not differ
between treatment arms although the PES hazard ratio was
reduced for ipilimumab receiving patients. Furthermore,
long-term follow-up of 177 advanced melanoma patients
treated with ipilimumab revealed a median duration of
tumor response of 7.3 years and an unprecedented 5 year
survival rate of approximately 20 % [19].

Dramatic results have also been observed with
therapeutics against PD-1 and its ligand, PD-L1. Acceler-
ated approval was recently granted to pembrolizumab, a
humanized PD-1 blocking MAD, by the FDA for advanced
melanoma based on a 24 % overall response rate (ORR)
[20]. Sustained radiographic responses have also been ob-
served with nivolumab, a humanized anti-PD-1 MADb for
advanced solid tumors [21], as well as lambrolizumab, an
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anti-PD-LL1 MAb for advanced melanoma [22]. Further-
more, dramatic rates of sustained radiographic responses
have been observed following combination of CTLA-4 and
PD-1 blockade, consistent with complementary mechan-
isms of anti-tumor activity [23]. Further clinical develop-
ment of therapeutics targeting CTLA-4, PD-1 and PD-L1,
as well as other key immune checkpoint mediators, is
rapidly expanding in oncology, including neuro-oncology.
Clinical trials for glioblastoma patients evaluating
nivolumab (NCT02017717), nivolumab plus ipilimumab
(NCTO02017717), pembrolizumab (NCT02054806) as well
as lambrolizumab (NCT01693562) are underway with ad-
ditional approved studies pending activation. In addition,
clinical trials are also currently active evaluating ip-
ilimumab for patients with melanoma brain metastases
(NCT02115139 and NCT02107755).

In addition, there is growing interest in evaluating im-
munotherapeutics within combinatorial regimens. There is
a strong rationale for combining different immune check-
point inhibitors with complementary mechanisms of im-
mune activation as well as combining immune checkpoint
inhibitors with active cancer vaccines. Although clinical
trials evaluating such approaches are currently not active
for neuro-oncology, several options are in advanced plan-
ning. Combination of immunotherapies with cytotoxic
agents are also increasingly being considered based on the
expected release of tumor-derived antigens following cell
death induced by cytotoxic therapy, which can in turn be
processed by immune cells and enhance their induction of
anti-tumor immunity [24]. A striking example of such ac-
tivity derives from the ability of cytotoxic radiotherapy to
invoke an abscopal effect, characterized by tumor regres-
sion distant to the site of radiotherapy, when administered
with ipilimumab [25].

Complexity of radiographic worsening following
immunotherapy

Given the recent marked increase in the application of
immunotherapies for cancer indications, appreciation of the
complexity to accurately assess response has grown in
parallel. On the one hand, radiographic improvement is felt
to provide a straightforward indication of anti-tumor effect
because immunotherapies do not decrease tumor vessel
permeability leading to pseudoresponse as been observed
following anti-angiogenic agents [26]. On the other hand,
worsened radiographic findings following administration of
an immunotherapeutic may be more challenging to inter-
pret. Although MRI worsening may reflect underlying tu-
mor progression, at least for a subset of patients, early
worsening of imaging findings may be followed by sub-
sequent clinical benefit. For such patients, early

discontinuation of immunotherapy treatment due to wors-
ened imaging findings assumed to be due to progressive
underlying tumor may result in premature termination of a
potentially active therapeutic option. There are two possi-
ble explanations for a lack of correlation between pro-
gressive imaging findings and ultimate therapeutic benefit.
First, unlike radiation therapy or chemotherapy which are
expected to exert a direct and rapid cytotoxic effect, im-
munotherapies exert an indirect anti-tumor effect via in-
duction of an anti-tumor immune cell infiltrate which may
take time to mobilize. Importantly, the kinetics of such
anti-tumor immune responses may vary between different
types of immunotherapies. Nonetheless, in this situation,
some patients may have bona fide tumor progression early
in the course of their therapy prior to subsequently re-
sponding to an immunotherapeutic. Second, a subset of
patients may have pseudoprogressive radiographic findings
following administration of an immunotherapeutic agent
(Fig. 1). Potent anti-tumor immune responses inherently
elicit inflammatory changes in the tumor microenviron-
ment, including the macroscopic as well as infiltrative
microscopic tumor regions, which may result in increased
tumor vessel permeability leading in turn to increased
contrast uptake as well as associated edema. Precedent for
pseudoprogressive radiographic changes has been estab-
lished for neuro-oncology based on experience following
administration of temozolomide chemoradiotherapy for
newly diagnosed glioblastoma patients. In this setting,
pseudoprogression typically peak within 3 months and
occurs in 20-30 % of patients [27, 28]. Appreciation of
temozolomide chemoradiation associated pseudoprogres-
sion was a key factor underlying the widespread adoption
of the radiologic assessment in neuro-oncology (RANO)
criteria [29].

A growing number of clinical trials evaluating a wide
array of immunotherapeutics across a spectrum of cancer
indications demonstrate that a subset of patients treated
with immunocytokines, cancer vaccines, T cell therapies
and immune checkpoint inhibitors will achieve a radio-
graphic response, durable stable disease or enhanced sur-
vival despite worsening of early imaging findings [21-23,
30-38]. The most extensive experience derives from recent
clinical trials investigating CTLA-4 and PD-1/PD-L1 im-
mune checkpoint inhibitors which are currently being
widely evaluated for multiple cancer indications. Assess-
ment of percent change in target lesion size over time for
individual patients as plotted by spider plots reveals that a
subset of patients may experience worsened radiographic
findings, including the demonstration of new lesions, prior
to achieving stable disease or radiographic response [21,
22, 35]. Furthermore, additional studies reveal that overall
survival is not decreased among patients receiving immune
checkpoint agents who exhibit worsening of early imaging
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(A) Pre-Vaccine

(B) Post-Vaccine (wk 9)

(C) Post-Vaccine (wk 17)

Fig. 1 T1-weighted axial images following gadolinium administra-
tion in a patient with glioblastoma demonstrating pseudoprogressive
changes after vaccination with autologous dendritic cells pulsed with
glioma associated antigens and administered with poly-ICLC. a New
nodular focus of enhancement in the medial right parietal lobe (white
arrowhead) consistent with tumor progression prior to administration
of vaccination. Note that the original tumor site which is located in
the lateral right parietal lobe demonstrates minimal enhancement.

findings. For example, 22 out of 227 (9.7 %) advanced
melanoma patients treated with ipilimumab demonstrated
early imaging findings that met WHO criteria for pro-
gressive disease yet later achieved either tumor stabiliza-
tion (n = 17) or partial response (n = 5). Importantly,
overall survival of these 22 patients was no different from
that of patients who did not have early worsening of
imaging findings [30]. Similarly 8 patients treated on a
recently reported clinical trial of tremelimumab, an IgG2
CTLA-4 blocking antibody, ultimately achieved a partial
response by response criteria in solid tumors (RECIST)
despite meeting criteria for progression after the first cycle
of therapy. Of note, median survival of these 8 patients
(20 months) compared favorably to that of the full study
population (10 months) [39].

Several clinical trials evaluating CTLA-4, PD-1 and PD-
L1 inhibitory antibodies that have recently initiated will
contribute to elucidating the frequency and impact of
worsened early imaging findings among neuro-oncology
patients treated with inhibitory immune checkpoint
therapeutics. In a striking example reported over 10 years
ago, a patient with widely metastatic melanoma including
CNS lesions who was treated with MDX-CLTA-4, an IgG1
anti-CTLA-4 antibody, had significantly worsened en-
hancement on brain MRI soon after treatment. Extensive
necrosis along with a small rim of viable tumor was noted
at subsequent autopsy at many of the metastatic sites in-
cluding the brain lesion [40]. Along the same lines, anec-
dotal reports highlight the occurrence of pseudoprogression
among brain tumor patients treated with a variety of vac-
cine regimens [38, 41-43].
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b 9 weeks after initiation of vaccination, the site of tumor progression
is improved and the original tumor site is stable. ¢ 17 weeks after
vaccine initiation, the area of tumor progression demonstrates further
improvement but the original site of tumor demonstrates significantly
increased enhancement (dashed white arrow). Resection of the
enhancing original tumor site revealed no evidence of mitotically
active tumor but a marked infiltrate of CD68+ macrophages and
CD8+ T cells [38]

Immune-related response criteria (irRC)

In recognition of the complexities associated with radio-
graphic response assessment for patients undergoing
treatment with immunotherapeutics, the immuno-oncology
community recently drafted response assessment guidance
referred to as the immune-related response criteria (irRC)
[30, 44, 45]. In particular with regard to early progressive
changes and their potential impact on premature discon-
tinuation of therapy, the irRC incorporate the following
important considerations: (1) a longer duration of time may
be required for immunotherapies to exert measurable
clinical activity at the tumor site compared to cytotoxic
therapies; (2) immunotherapies may elicit radiographic
responses after conventional progressive disease criteria
have been met; (3) confirmation of progressive disease may
be appropriate prior to discontinuation of immune therapy
in some cases; (4) “clinically insignificant” progressive
disease such as the development of small new lesions in the
presence of other responsive lesions should be allowed;
and, (5) clinical benefit should include durable stable dis-
ease. Furthermore, the irRC recommend continuation of
immunotherapy pending confirmation of radiographic
progression for clinically stable patients unless con-
traindicated medically [30].

In order to avoid premature termination of immune-
based therapies prior to their ability to exert a potential
therapeutic benefit, the irRC incorporate the novel concept
of confirmation of progressive disease prior to therapy
discontinuation for patients who are clinically stable. Of
note such early progressive radiographic changes may
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include either significant enlargement of existing lesions or
the development of new lesions. In either case, irRC rec-
ommend that in medically stable patients, progression only
be defined once follow-up imaging confirms radiographic
findings that meet criteria for tumor progression. In such
cases where radiographic progression is confirmed on fol-
low-up imaging, the assigned actual date of progression
should be back-dated to the date that the initial criteria for
radiographic progression were met. Although the converse,
confirmation of radiographic response is an accepted
standard for most response assessment metrics in order to
ensure that continuation of a given therapeutic is justified,
confirmation of radiographic progression represents a novel
paradigm shift in oncology. The down side of this approach
is that therapy discontinuation and initiation of an alter-
native intervention will be delayed for those patients with
early progressive radiographic changes who will not ulti-
mately benefit from the administered immunotherapy.
Nonetheless, continuation of currently prescribed im-
munotherapy pending confirmation of progression for
clinically stable patients offers the potential advantage of
more accurately interpreting possibly misleading early
imaging changes and appears reasonable based on accu-
mulated data suggesting that ultimate clinical benefit may
be achieved at least in a subset of such patients. For much
of neuro-oncology, including patients with either brain
metastases or glioblastoma, durably effective therapeutic
interventions are significantly limited; therefore adopting a
paradigm of confirmation of radiographic progression
among medically stable patients may be justified as a
strategy to decrease the possibility of premature discon-
tinuation of a promising therapeutic intervention.

Immunotherapy response assessment in neuro-oncology
(iRANO) criteria

Although the principles underlying the irRC provide im-
portant response assessment guidance for ongoing im-
munotherapy efforts in general medical oncology,
modification of these criteria appear warranted in order to
optimally and safely apply such guidance for neuro-on-
cology patients. Similarly, although the RANO criteria
were drafted to provide more effective assessment of re-
sponse for neuro-oncology patients undergoing therapy in
the modern era, RANO alone may not fully address rele-
vant considerations for neuro-oncology patients undergo-
ing immunotherapy treatment. Thus, a multi-disciplinary
and multinational group of neuro-oncology experts is cur-
rently drafting guidance for response assessment of neuro-
oncology patients undergoing immune-based therapies.
The immunotherapy response assessment in neuro-on-
cology (iRANO) criteria will integrate key components of

both irRC and RANO in order to take into account im-
portant nuances associated with neuro-oncology patients. A
comparison of RANO, irRC and iRANO is summarized in
Fig. 2. Like irRC, iRANO criteria will also advocate for
confirmation of radiographic progression among medically
stable patients. However, careful consideration is being
included to specify temporal parameters and degree of al-
lowed change in order to ensure patient safety given po-
tential risks associated with robust inflammatory changes
within the confines of the intracranial space. In addition,
iRANO will include guidance for response assessment
among patients with either enhancing or non-enhancing
tumors. Furthermore and again in the context of preserving
overall patient safety, iRANO will provide guidance on
when to consider interrupting administration of an im-
munotherapeutic for patients with early radiographic pro-
gressive changes. Additional important considerations
regarding corticosteroid dosing, the role of advanced MR
and PET imaging techniques, the inclusion of metrics of
neurologic function and overall quality of life, as well as
guidance on immunocorrelative parameters to be pri-
oritized in clinical research, will be addressed in the
iRANO manuscript. Initial studies evaluating diffusion and
perfusion MRI imaging following immunotherapy for
neuro-oncology patients [46, 47], as well as PET imaging
approaches [48, 49], suggest that these modalities may be
of benefit in distinguishing tumor recurrence from pseu-
doprogression. Growing literature also supports the role of
MR spectroscopy to predict inflammatory changes from
true tumor progression [50, 51]. Monitoring serial assess-
ments over time using advanced imaging techniques may
also prove to be particularly helpful rather than single time
point assessments [52]. Corticosteroid dosing is a par-
ticularly relevant issue for neuro-oncology patients being
treated with immunotherapy agents. Corticosteroids are
commonly prescribed to abrogate symptoms related to
cerebral edema as well as autoimmune adverse events as-
sociated with some immune checkpoint inhibitors. Corti-
costeroids can further complicate response assessment
because these agents are well known to impact imaging
findings including reducing contrast uptake and edema. For
this reason, RANO specifies that a CR requires patients to
be on stable or decreased corticosteroid doses that are
equivalent to no more than physiologic replacement, a PR
requires stable or lowered corticosteroid dosing compared
to baseline and progression can only be defined when pa-
tients are on stable or increased doses of corticosteroids
[29]. Similar considerations will likely be required for
iRANO. Finally, it is important to acknowledge that
forthcoming iRANO criteria are intended as “best clinical
management” guidance due to lack of sufficient clinical
data and that these criteria are fully intended to be an initial
set of recommendations with full expectation that the
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CR

PR

SD

PD

Key Considerations: RANO, irRC and iRANO

RANO

All of the following required: no
contrast enhancement; no
corticosteroids; stable or
improved T2 and clinical status;
sustained for > 4 weeks

All of the following required:
250% reduction of bidimensional
contrast lesions; stable or
improved T2 changes,
corticosteroid dosing and clinical
status

All of the following required: <
50% decrease or < 25% increase
bidimensional contrast lesions;
stable or improved T2 changes,
corticosteroid dosing and clinical
status

Any of the followings: > 25%

increase bidimensional contrast
lesions; significant worsened T2
changes; new lesion; significant

irRC

Complete disappearance of all
lesions sustained for > 4 weeks

Decrease in tumor burden* 250%
relative to baseline sustained for > 4
weeks

Not meeting criteria for irCR or irPR,
in absence of irPD compared with
nadir

225% increase of tumor burden*
compared with nadir (at any single
time point) confirmed on follow-up
imaging > 4 weeks later

iRANO

As per RANO

As per RANO

As per RANO

As per RANO plus

1. Confirmation of progressive
disease based on follow-up imaging
for patients without significant

clinical decline

clinical decline.

*Tumor burden = sum of the products of perpendicular diameters for index lesions + sum of the perpendicular diameters of new

measurable lesions

Fig. 2 A summary comparison of RANO [29], irRC [30] and iRANO criteria

proposed criteria will be amended in the future to further
enhance their utility as more significant experience with
different types of immunotherapies is achieved for neuro-
oncology patients and data from ongoing clinical trials is
assessed.

Some of the critical questions that will require careful
investigation as immunotherapeutics are further evaluated
clinically for neuro-oncology patients include: (1) what are
the frequency, clinical impact and kinetics of pseudopro-
gression associated with different forms of im-
munotherapy?; (2) how can advanced imaging approaches
including diffusion and perfusion MRI, MRS and PET
imaging better help evaluate response associated with im-
munotherapeutics including the ability to distinguish
pseudoprogression from true progression?; (3) what im-
munocorrelative biomarkers should be prioritized and
systematically evaluated in an effort to better predict pa-
tients more or less likely to respond to various im-
munotherapeutic  strategies?; (4) can  judicious
administration of corticosteroid dosing lessen the impact of
cerebral edema without compromising the efficacy of im-
munotherapeutics?; (5) which additional endpoints re-
garding immunocorrelative assessments as well as
measures of neurologic function and quality of life are
most relevant and should be included in upcoming im-
munotherapy clinical trials?

@ Springer

Conclusions

Immune-based therapies offer great hope for cancer patients
based on their ability to treat existing tumors as well as
generate tumor-specific memory immune responses capable
of preventing future recurrence. Nonetheless, interpretation
of early progressive radiographic findings has proven chal-
lenging in that at least a subset of such patients ultimately
achieves meaningful anti-tumor benefit. The immuno-on-
cology community has recently drafted recommendations to
guide treating clinicians when confronted with early radio-
graphic worsening that includes continuation of im-
munotherapy pending confirmation of progression for
clinically stable patients. The immunotherapy response
assessment for neuro-oncology (iRANO) criteria are cur-
rently in development and will integrate key recommenda-
tions from RANO with those of irRC in order to help
optimally evaluate the therapeutic potential of different
immunotherapeutic approaches for neuro-oncology patients.
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